Objectives To compare the performance of conventional radiography, ldCT, and MRI in the diagnosis of sacroiliitis in suspected axial spondyloarthritis (axSpA). Methods Patients presenting with > 3 months chronic back pain were assessed by axSpA-experienced rheumatologists and diagnosed as axSpA or not; axSpA patients were then considered nr-axSpA or AS using plain radiography. Non-axSpA patients were recruited as controls, and divided into non-inflammatory and inflammatory groups on the basis of inflammatory back pain and/or CRP/ESR elevation. Clinical variables, pelvic radiography, sacroiliac joint (SIJ) ldCT, and SIJ MRI were obtained. Results A total of 121 patients were included and had SIJ radiography and ldCT, of whom 71 additionally had an SIJ MRI. These included 23 non-inflammatory controls, 21 inflammatory controls, 32 nr-axSpA cases, and 45 AS cases. Fourteen of 32 (44%) nr-axSpA patients had positive ldCT scans, 21/24 (88%) had MRI-BMO, and 11/24 (46%) had MRI-structural lesions. ldCT had high specificity with only 1/23 (4%) non-inflammatory controls being positive. MRI-BMO had the highest sensitivity for nr-axSpA, but compared with ldCT lower specificity, with 5/15 (33%) of non-inflammatory controls being positive, and similar sensitivity for AS (20/22 (91%) vs 44/44 for ldCT).
Introduction
Axial spondyloarthritis (axSpA) and its subtypes nonradiographic axial spondyloarthritis (nr-axSpA) and ankylosing spondylitis (AS) are common causes of chronic back pain. They are characterized by inflammation of the sacroiliac joints, amongst other shared features such as the genetic association with HLA-B27. Diagnosis of the conditions takes into account clinical, genetic, and imaging factors. Evidence of sacroiliitis on imaging modalities especially radiography and MRI is regarded as crucial for diagnosis of axSpA and AS and is a key component of current classification criteria [1, 2] . The diagnosis of early axSpA using conventional radiography is particularly challenging, with radiographic changes taking many years on average to develop [3, 4] .
The performance of CT scanning to detect sacroiliitis has previously been shown to be better than radiography [5, 6] . Nonetheless sacroiliitis on CT has not been incorporated into classification criteria until now, perhaps because of the additional radiation exposure typically involved. Recent technological advances have enabled the performance of SIJ CT with the relatively low radiation dose of 0.5 mSv, called low-dose CT (ldCT) [7] . This compares with an average global background radiation exposure of 3 mSv annually [8] .
Although ldCT and radiography can identify structural damage, MRI of SIJ has evolved as the most suitable imaging modality for diagnosis and classification of early axSpA including early AS [2] , because of its ability to detect inflammatory changes in and around the joints prior to any structural change developing [9] . MRI modalities employed include SPAIR, a T2 fat suppressed technique [10] , and diffusionweighted imaging [11] . A standardized definition of structural lesions likely to reflect previous SIJ inflammation was defined by the Canada-Denmark MRI Working Group, employing T1-weighted MRI sequences [2] .
In the current study we sought to compare the performance of conventional radiography, ldCT, and MRI, in the diagnosis of AS and nr-axSpA, and their ability to distinguish patients with these conditions from chronic back pain controls.
Methods

Study population
Patients with chronic back pain for more than 3-month duration were referred from the Rheumatology Department at the First Affiliated Hospital, Wenzhou Medical University, and assessed by axSpA-experienced rheumatologists. Patients were diagnosed as having axSpA or not on the basis of history, clinical signs, and blood test results only, by the rheumatologists. axSpA cases were then classified as either nr-axSpA or AS cases taking into account the results of the pelvic radiographs only, and not other imaging modalities. Patients diagnosed as not having axSpA by the clinicians were recruited as controls, and were then divided into non-inflammatory and inflammatory control groups on the basis of presence of inflammatory back pain (IBP, defined by the mNY criteria) and/or CRP/ESR elevation. Analyses were performed both including and excluding subjects with undifferentiated axSpA, peripheral SpA, or psoriatic arthritis. Clinical data including age, gender, disease duration, HLA-B27 status, erythrocyte sedimentation rate (ESR, mm/h), and C-reactive protein (CRP, mg/l) were all collected. The study was approved by the institutional ethics committee of the hospital, and written informed consent was provided by all patients.
Radiography technique
All patients underwent pelvic radiography and SIJ ldCT images, and 71 patients underwent SIJ MRI, with all imaging per patient obtained in a 1-week period. All scans were performed using the same image protocols: 
Assessment method
All imaging was read by two expert musculoskeletal radiologists independently. Plain radiographs, CT scans, and MR imaging were read in random order with the radiologists blind to patient affection status. Differences in initial reads were resolved by consensus. For radiography and ldCT, all statistics are based on each SIJ damage grading of 0-4 using the mNY criteria [1] (as shown in Fig. 1A 
Results
Population and clinical statistics
During the period of 2016-12-26 to 2017-12-31, 121 patients with chronic back pain were recruited. Demographic and clinical details are summarized in Table 1 . Comparing the 71 patients that underwent an MRI with the 50 who did not, no differences were observed in gender, age, HLA-B27 carriage, disease duration, ESR, or CRP ( Table 2) . Non-inflammatory back pain controls included 23 patients with undifferentiated spondyloarthritis (5 cases, 4 performed MRI), osteoarthritis (4 cases, 3 performed MRI), mechanical back pain (3 cases, 2 performed MRI), psoriatic arthritis (2 cases, 2 performed MRI), diffuse idiopathic skeletal hyperostosis (2 cases, 1 performed MRI), gout (2 cases, 0 performed MRI), disc herniation (2 cases, 0 performed MRI), osteitis condensans ilii (1 case, 1 performed MRI), palindromic rheumatism (1 case, 1 performed MRI), and idiopathic femoral head necrosis (1 case, 1 performed MRI). Inflammatory controls included 21 patients with undifferentiated spondyloarthritis (6 cases, 4 performed MRI), gout (5 cases, 2 performed MRI), Sjogren syndrome (3 cases, 2 performed MRI), psoriatic arthritis (2 cases, 0 performed MRI), fibromyalgia syndrome (1 case, 1 performed MRI), osteitis condensans ilii (1 case, 1 performed MRI), peripheral spondyloarthritis (1 cases, 0 performed MRI), polymyalgia rheumatic (1 case, 0 performed MRI), and palindromic rheumatism (1 case, 0 performed MRI).
Most volunteers were male (77/121), with no gender ratio difference between groups, and disease duration was similar between the four groups. The HLA-B27 prevalence was higher in nr-axSpA (28/32 = 87.5%) and AS (42/44 = 95.5%) groups than in controls, but was also high overall including in non-inflammatory (10/23 = 43.5%) and inflammatory controls (7/18 = 38.9%), compared with the HLA-B27 prevalence in the Chinese general population (~4%, [13, 14] ). This likely reflects bias amongst patients with chronic back pain referred to the rheumatology department, as has been reported in similar studies internationally [2] . nr-axSpA and AS cases had younger age compared with non-inflammatory controls (p = 0.030 and 0.066 respectively) and inflammatory controls (p = 0.000 and 0.000 respectively). ESR levels were higher in inflammatory controls (49.3 ± 21.9) and AS (43.1 ± 23.3) than in non-inflammatory controls (10.0 ± 7.0, p = 0.000 and 0.000 respectively) and nr-axSpA (26.5 ± 21.4, p = 0.000 and 0.001 respectively), higher in nr-axSpA than in non-inflammatory control (p = 0.004). AS and inflammatory control had higher CRP than non-inflammatory control (35.3 ± 47.4 and 34.1 ± 36.6 vs 2.8 ± 3.0, p = 0.001 and 0.005 respectively). The clinical parameters are given in Table 1 .
An effective radiation dose of approximately 1.2 mSv was received per patient for a SIJ ldCT.
Image results in groups
The imaging results according to clinical diagnoses are given in Table 3 . For conventional radiography, only one (1/23) of the non-inflammatory controls and no (0/21) inflammatory controls were positive, and none (0/32) of the nr-axSpA and all (44/45) AS cases were positive (as required by the mNYAS criteria). The single non-inflammatory control with positive plain radiography was a 59-year-old HLA-B27-negative female who had osteoarthritis changes in the SIJ on ldCT; therefore, the conventional radiography is considered to be a false positive.
Considering ldCT, 1/23 non-inflammatory controls and 3/ 21 inflammatory controls were positive. The ldCT-positive non-inflammatory control was HLA-B27-negative and negative by MRI, suggesting that it may be a false positive. Of the remaining 3 ldCT-positive inflammatory controls, one had psoriasis and was clinically considered to have axial PsA, and 2 patients (1 HLA-B27-positive) lacked other axSpA criteria, suggesting that they may also be false positives. ldCT detected sacroiliitis in 14/32 (44%) of nr-axSpA cases, and all AS cases ( Table 3) .
Considering MRI-BMO scans, 5/15 of the noninflammatory controls and 3/10 inflammatory controls were positive, and 3/24 nr-axSpA and 2/22 AS cases were negative. Of the 8 controls positive for MRI-BMO, in 7 cases, conventional radiography and ldCT were negative, and they lacked other axSpA-associated clinical features, suggesting that their MRI-BMO was not due to axSpA. The single remaining patient was an inflammatory control with known PsA, and is thus considered to have axial PsA.
MRI-structural lesions were detected in 4/15 of the noninflammatory controls and 4/10 inflammatory controls, and were negative in 13/24 nr-axSpA and 1/22 AS cases. Five controls carried MRI-structural but not MRI-BMO lesions (3 non-inflammatory controls, 2 inflammatory controls). Three controls had both MRI-BMO and MRI-structural lesions (one each with pSS, osteoarthritis, and fibromyalgia syndrome).
Comparison of imaging modalities
Capacity of ldCT scanning to ascertain sacroiliitis
Of 59 axSpA cases considered positive by ldCT, definite sacroiliitis was ascertained on plain radiography in 45 patients ( Table 3 and Fig. 2g ). Compared with plain radiography, ldCT scans showed a higher sensitivity to detect structural changes indicative of sacroiliitis especially in nr-axSpA (plain radiography vs ldCT respectively; 0/32 = 0% vs 14/32 = 44% in nr- axSpA, 45/45 = 100% vs 45/45 = 100% in AS, 45/77 = 58% vs 59/77 = 77% in axSpA overall). Specificity for both methods was similarly high (plain radiography vs ldCT respectively; 22/23 = 96% vs 22/23 = 96% in noninflammatory controls). ldCT identified more abnormalities in inflammatory controls (plain radiography vs ldCT respectively; 0/21 = 0% vs 3/21 = 14% in inflammatory controls). Whether this is due to greater sensitivity in identifying AS cases or these represent imaging false negatives in this group is unclear (see above) (Table 3 and Fig. 2d, g) . ldCT and conventional radiography results were consistent in 39/44 controls and 63/77 nr-axSpA/AS patients scanned by both plain radiographs and ldCT (Fig. 2d, g) , reflecting substantial correlation between the methods (kappa = 0.69; see Fig. 2g ). Considering the pooled controls, no differences were noted in clinical variables including age, gender, CRP, or HLA-B27 status, between conventional radiography and ldCT concordant or discordant subjects. Considering the 45 nr-axSpA/AS cases, statistically significant differences in some parameters were observed in relation to imaging outcome. These include:
amongst conventional radiography-negative patients, ldCT-positive patients were older (45.4 ± 12.7 vs 32.1 ± 13.9, p = 0.006) than negatives, those that were positive for both conventional radiography and ldCT were more likely to be older (39.8 ± 13.0 vs 32.1 ± 13.9, p = 0.040), and have higher ESR (43.1 ± 23.3 vs 20.8 ± 18.4, p = 0.001) than the 18 that were negative for both imaging modalities (Table 3) , and those that were negative by ldCT had similar HLA-B27 prevalence, but were younger (32.1 ± 13.9 vs 41.1 ± 13.1, p = 0.021), had lower ESR (20.8 ± 18.4 vs 40.7 ± 23.5, p = 0.03), and were more likely to be male (16/18 vs 37/59, p = 0.036) than positives.
Conventional radiography-negative subjects (cases and controls combined) had lower ESR (27.6 ± 23.7 vs 42.6 ± 23.3, p = 0.001), lower CRP (18.7 ± 29.2 vs 34.6 ± 47.1, p = 0.001), and lower HLA-B27 prevalence (44/72 (61.1%) vs 43/45 (96.9%), p = 0.000) than positive patients. Conventional radiography-negative nx-axSpA/AS patients had lower ESR (26.5 ± 21.4 vs 43.1 ± 23.3, p = 0.003) than positive patients. ldCT-negative subjects (cases and controls) had lower HLA-B27 prevalence (33/55 (62%) vs 54/62 (83%), p = 0.001) and shorter disease duration (24.7 ± 22.5 vs 41.1 ± 23.9, p = 0.000) than ldCT-positive too.
Capacity of MRI-BMO scanning to ascertain sacroiliitis
MRI-BMO had the highest sensitivity for nr-axSpA (88%), but had lower specificity (67%), with lesion of the SIJ on MRI-BMO being observed in up to 32% of control individuals, and slightly lower sensitivity for AS than ldCT (91% vs 100%) ( Table 3 ). MRI-BMO was observed in 41 nr-axSpA/ AS patients, of which 16 (37%) were not detected by ldCT (Fig. 2h) . However, the ldCT sensitivity in axSpA overall (59/ 77 = 77%) compared with MRI-BMO (41/46 = 89%) was not so different, driven by its higher sensitivity in AS. 8/25 (32%) of control subjects were found to have active BMO (specificity 68%) ( Table 3 and Fig. 2e, h) .
Consistent MRI-BMO and ldCT reads were seen in 17/26 (65.4%) and 25/45 (55.6%) of patients respectively (Fig. 2e,  h) . Overall, the correlation between MRI-BMO and ldCT was low (42/71, kappa = 0.23; Fig. 2e, h) . This was driven primarily by a high proportion of MRI-BMO positivity amongst controls (8/25, 32%), potentially representing MRI-false positives. This observation was true both of the total control dataset, and non-inflammatory or inflammatory controls, whether or not patients had coexistent undifferentiated axSpA, peripheral SpA, or psoriatic arthritis. MRI-BMOnegative cases had lower HLA-B27 prevalence (13/22 (59%) vs 41/48 (85%), p = 0.015) than MRI-BMO-positive cases. Subjects with both MRI-BMO and ldCT positivity had higher HLA-B27 prevalence (24/24 (100%) vs 9/17 (53%), p = 0.000) compared with subjects negative for both modalities. Considering only MRI-BMO-positive patients, ldCT-negative patients had lower HLA-B27 prevalence (17/24 vs 24/24, p = 0.009) and ESR (40.5 ± 27.8 vs 21.6 ± 20.2, p = 0.011) than ldCT positives. Amongst the 46 patients with nr-axSpA/AS screened by both modalities, MRI-BMO-negative patients were more likely to be female (M/F; 1/41 vs 30/11, p = 0.017) than MRI-BMO-positive patients ( Table 4 ). In summary, BMO-positive patients were more likely to carry HLA-B27, be male, and have a raised ESR.
Capacity of MRI-structural lesions scanning to ascertain sacroiliitis
Of the 32 nr-axSpA/AS patients with MRI-structural lesions, 7 (22%) were ldCT-negative. MRI-structural lesions were also seen in 8/25 (32%) controls (specificity = 68% overall, 69% in non-inflammatory controls, 60% in inflammatory controls). The sensitivity of MRI-structural lesions was 46% (11/24) in nr-axSpA, and 95% (21/22) in AS (Table 3 and Fig. 2f, i) .
In 16/25 controls and 35/46 cases. the MRI-structural lesions read was consistent with the ldCT read (kappa = 0.45) ( Fig. 2f, i) . MRI-structural lesion-negative patients had lower HLA-B27 prevalence (20/31 (65%) vs 34/39 (87%), p = 0.025) and lower ESR (23.7 ± 20.8 vs 35.8 ± 26.8, p = 0.047) than positive patients. Subjects with both MRIstructural and ldCT positivity had higher HLA-B27 prevalence (24/24 (100%) vs 16/26 (59%), p = 0.000) and ESR (42.8 ± 26.4 vs 23.9 ± 21.5, p = 0.008) compared with subjects negative for both modalities. Considering only MRI-structural lesion-positive nr-axSpA/AS patients, ldCT-negative patients had lower HLA-B27 prevalence (10/15 vs 24/24, p = 0.005), lower ESR (24.6 ± 24.1 vs 42.8 ± 26.4, p = 0.024), and lower disease duration (26.47 ± 32.9 vs 80.0 ± 80.4, p = 0.047) than positives.
Discussion
The current study shows that ldCT, relative to conventional radiography, has greater sensitivity and similar specificity in classifying axSpA and chronic back pain patients. In comparison with MRI-BMO, ldCT had lower sensitivity for nr-axSpA but similar sensitivity for AS, and higher specificity. In comparison with MRI-structural lesions, it has similar sensitivity for both nr-axSpA and AS, but higher specificity. These findings suggest that ldCT is a suitable method for screening patients for possible axSpA, either as an initial screening method particularly if access to MR imaging is limited or in cases with negative conventional radiographs where there is high clinical suspicion of disease.
In agreement with previous reports, our study shows that conventional radiography often underestimated the prevalence of sacroiliitis as compared with ldCT scanning. ldCT identified sacroiliitis in 44% of patients meeting the ASAS classification criteria in whom conventional radiographs were negative. Whether these patients ultimately will develop AS is not clear, but seems likely as this group had high HLA-B27 prevalence. Compared with conventional radiography, there is robust evidence that ldCT scanning will detect more progression of bony changes if covering the whole spine [7, 15] , and facilitate the diagnosis of AS in patients while covering SIJ [7] . Our study has shown that erosions can be detected on ldCT of the SIJ early before it can be seen on conventional radiography, and can detect changes in cases where no MRI changes are seen. The specificity of ldCT is also superior to MRI-BMO. These findings support the argument that ldCT should be used if conventional radiography is unclear, or MRI is unavailable [9] and could be recommended as a reasonable diagnostic imaging modality, even in early sacroiliitis. Inclusion of ldCT to define sacroiliitis would increase the sensitivity of the mNY criteria, particularly in early disease, while maintaining the high specificity of these criteria.
Compared with conventional pelvic radiography techniques, ldCT is still associated with higher radiation exposure, although the dose is not very high. In the current study, the dose employed 1.2 mSv is approximately double that of conventional pelvic radiography (0.6 mSv), similar to a conventional lumbo-sacral spine radiograph (0.5-1.5 mSv), and lower than a nuclear bone scan (3) (4) (5) , and less than half the average annual radiation exposure in the UK (2.7 mSv) [16] . Therefore, the radiation dose is not excessive and should not discourage use of ldCT in this setting. Our study confirms the high sensitivity for MRI-BMO for active inflammatory lesions even in nr-axSpA. In our study, 10 axSpA patients showed inflammation on MRI-BMO, but without signs of structural lesions on plain radiographs, ldCT, or MRI. Previous studies have reported sensitivity of MRI-BMO of around 60-70% for sacroiliitis detection [17] [18] [19] [20] ; our research gave the sensitivity of 88%. However, recent studies and this study highlight the lower specificity of MRI-BMO than either conventional radiography or ldCT. Although some studies have suggested a high specificity of active MRI lesions [2] , our study supports previous findings of a high incidence of MRI-BMO lesions in particular in chronic back pain controls. For example, Weber and colleagues report BMO lesions in 27% of nonspecific back pain patients and 22% of healthy controls [19] . MRI-BMO lesions have also been shown to be common in recreational runners, elite ice hockey players, and women with postpartum back pain fulfilling the ASAS definition of active sacroiliitis and an ASAS-positive MRI of the sacroiliac joints can also occur in runners, women with postpartum back, and even healthy volunteers [21, 22] . Our study therefore lends further support to the contention that "Not everything that glisters is gold (standard)" [23] , as MR imaging is associated with significant false positive rates in assessment of chronic back pain.
Consistent with previous publications, our study confirms that MRI-structural lesions have modest specificity [19, 24, 25] , and that their sensitivity was no greater than that of ldCT. There appears no consistent benefit of adding MRI-structural erosions to the definition of axSpA.
To our knowledge, it is the first study to have controlled data on whether ldCT may have higher sensitivity to detect SIJ erosions compared with MRI. A recent report suggested that ldCT may be a brilliant new chapter for spondyloarthritis [26] [27] [28] [29] . Our study supports this view, indicating that ldCT was the best imaging modality for assessment of structural changes, whereas inflammation was best identified by MRI-BMO. Inclusion of ldCT positivity in the mNY criteria would significantly increase their sensitivity for the diagnosis of AS, and in imaging positive ASAS-positive nr-axSpA increase the specificity of the criteria. Further studies appear warranted about the relative utility of these modalities, and their position in diagnostic algorithms and classification criteria for axSpA.
